A ultraperformance liquid chromatography (UPLC)-photodiode array (PDA) detection method was established for the simultaneous determination of seven constituents in Fructus aurantii -Magnolia bark decoction: naringin, hesperidin, neohesperidin, narirutin, meranzin hydrate, honokiol and magnolol. These were separated in <17 min using a C18 column with gradient elution using (a) acetonitrile, (b) water and (c) acetic acid at a flow rate of 0.3 mL/min, and with a PDA detector. All calibration curves showed good linear regression (r 2 > 0.9992) within the test ranges. The method was validated for specificity, accuracy, precision and limits of detection. The proposed method was found to be suitable for the quality assessment of the formula.
Introduction
Fructus aurantii -Magnolia bark decoction (FM), one of the most popular Chinese herbal prescriptions, consists of Fructus aurantii (FA) and Magnolia bark (MB). FA and MB used together can synergistically increase gut motor (1) . Traditionally, FM is used to treat abdominal distention and pains, dyspepsia and asthmatic cough (2) . Recently, it was also used to treat early enteroparalysis classified as Qi-stagnation syndrome after abdominal gastrointestinal or non-gastrointestinal operation (1, 3, 4) , constipation after stroke (5) , severe pancreatitis (6) and vomiting after chemotherapy (7) . Naringin, hesperidin, neohesperidin, narirutin and meranzin hydrate ( Figure 1 ) are five most important bioactive constituents in FM. The major flavone compounds had been investigated intensively, and were found to possess anti-oxidant, anti-viral, antiallergic, vasoprotective and anti-carcinogenic properties (8 -11) . Meranzin hydrate was reported to have prokinetic and antidepressive effects (12, 13) . Magnolol and honokiol are the two major constituents of MB (14, 15) . Many studies showed that they have a wide variety of remarkable properties, such as antispasmodic, anti-oxidant, anti-cancer and anti-depressant activities (16 -18) .
It is widely accepted that one or even a few marker constituents in a traditional Chinese medicine (TCM) does/do not reflect its overall efficacy. The combined action of multiple constituents is considered to be crucial for the therapeutic effect of a TCM (19) . Also, it is well known that taking into account the direct quantification of many components will provide much valuable qualitative and quantitative information for the quality control of the TCM-derived botanical drugs made by multiple medicinal plants (19) . Therefore, the total content of the seven constituents is regarded as an important parameter to evaluate the quality of FM.
Nowadays, there are many studies about the quantitative information about FA and MB (20) (21) (22) , but the research about simultaneous separation and determination of multiple active components (including the flavones compounds and the neolignans) in FM is not available in the literature. The major flavone compounds of FA are naringin, hesperidin, neohesperidin and narirutin (23) . Magnolol and honokiol are the two main neolignans of MB (15) . To determine the seven constituents, a convenient and reliable method that is capable of rapidly and simultaneously separate and identify these seven active components in FM is urgently needed. We have developed a simple and accurate ultraperformance liquid chromatography (UPLC) method for simultaneously determining seven major active ingredients in extracts from FM decoction, and the suitability of this method is discussed too.
Experimental

Materials and reagents
Materials
FA and MB were purchased from a TCM dispensary store in Xiangya Hospital of Central south university (Changsha, China) and identified. Voucher specimens (No. 20110905 and No. 20110906 ) were deposited at the Laboratory of Ethnopharmacology in Xiangya Hospital.
Reagents
The reference compounds are naringin, hesperidin, neohesperidin, narirutin, meranzin hydrate, honokiol and magnolol. Naringin and hesperidin were purchased from Organic Herb Company (Changsha, China), narirutin was purchased from Sikehua Bio-Tech. Company (Chengdu, China), meranzin hydrate was purchased from DIAO Company (Chengdu, China), and neohesperidin, honokiol and magnolol were purchased from Fukete Biochemical Technology Company (Changsha, China). Methanol, LC grade, was from Tedia, USA, acetic acid was from Sinopharm Chemical Reagent Co. Ltd (Shanghai, China) and high-purity water was obtained from Wahaha Co., Ltd. (Hangzhou, China).
Apparatus and chromatographic conditions
Analysis was performed on a Waters Acquity UPLC system, using an Acquity UPLC BEH 2.1 Â 100 mm, 1.7 mM C18 column (Waters, Milford, MA, USA). The mobile phase was composed of (A) acetonitrile, (B) water and (C) acetic acid (the amount of acetic acid was kept constant at 0.5% during the entire method) with gradient elution (0 -10 min, 13-18% A; 10 -20 min, 18 -25% A; 20 -25 min, 25 -60% A). The column temperature was maintained at 408C and the autosampler was conditioned at 258C. The flow rate was 0.3 mL/min, and the injection volume was 3 mL. The content of the components was detected by using an Acquity photodiode array detector (Waters), and acquired and processed with Empower TM Software (Waters). For quantitative analysis, peak areas were measured at the maximum absorbance wavelengths in their UV spectra.
Preparation of standard solutions
Standard stock solutions of each of the seven components were directly prepared in methanol. Working standard solutions containing the seven compounds were prepared and diluted with methanol to appropriate concentrations for establishment of calibration curves. The standard stock solutions and working solutions were all prepared in dark brown calibrated flasks and stored at 48C. The linearity of the responses was determined for six concentrations. Empower software was used to prepare the standard curves from the peak area of each compound. The amount of these constituents in the test samples was calculated using the regression parameters obtained from the standard curves.
Preparation of sample solutions FA and MB (1:1, w/w) were immersed in distilled water (1:10, w/v) and boiled twice for 1 h at each time. The filtrates from each decoction were mixed and lyophilized to obtain the powder form of FM. The dried powder was stored at 48C until used. For UPLC analysis, the lyophilized powder was dissolved in distilled water at a final concentration of 31.6 g/L. An aliquot (1.0 mL) of the solution was mixed with an equal volume of methanol and subsequently centrifuged for 10 min at 12,000g; then the supernatant was diluted with an equal volume of water and subsequently centrifuged as described above. The supernatant solution was filtered through 0.45 mm film before UPLC analysis.
Recovery test
To evaluate the accuracy of the proposed methods, a recovery test was performed by adding known amounts of reference standard solutions to the sample of FM before extraction, followed by analysis using the proposed method. Three concentrations of accurately determined amounts of the seven standard substances were used to spike the FM crude mixture, and then extracted and analyzed as described in the above. The percentage of recovery was calculated according to the formula: recovery (%) ¼ (total amount after spiking 2 original amount in sample)/spiked amount Â 100%. 
Results
Chromatography
A common limitation of multiple component analysis is the low sensitivity of detection for many analytes under the selected single monitoring wavelength. However, with a PDA detector, simultaneous detection at more than one wavelength is possible. In this study, an UPLC method was successfully developed to analyze seven components in FM. The selected monitoring wavelengths for these components were their maximum absorption wavelengths.
With the PDA, UV spectra of the constituents could be compared with those of the authentic standards. The desired compound from FM was identified by comparing both the retention times and UV spectra with those of the authentic standard. The analyte was further confirmed by spiking the actual sample with the standard. The excellent agreement between standard and sample spectra found in all analyzed samples of FM indicates that, under the proposed analytical conditions, the seven marker constituents were sufficiently resolved, that they were separated successfully by gradient elution in ,17 min and that there was no interference from other components in the matrix. Typical chromatograms of the authentic standards and FM recorded at 290 nm are depicted in Figure 2 .
In the regression equation y ¼ axþb, x refers to the concentration (mg/mL), y indicates the peak area and r 2 is the correlation coefficient of the equation. LOD is the limit of detection.
Method validation
The assay linearity was determined by the analysis of six different concentrations of the standard solutions. Table I shows the regression data and LODs (S/N ¼ 3) of the components determined. All calibration curves showed good linear regression (r 2 . 0.9996) within test ranges. The relative standard deviation (RSD) was considered to be a measurement of precision and accuracy. Intra-and inter-day precisions were determined by assaying standard solutions at three concentrations during a single day and on five different days, respectively. As shown in Table II , the overall intra-and inter-day variations was ,7% for all seven analytes. These results demonstrated that the developed method is reproducible with good precision. The accuracy tests were carried out using a recovery test. Recovery of all seven tested bioactive compounds was within the range of 96.6 -100.4%, with an RSD of between 0.39 and 3.7% (n ¼ 3). These values indicated that the method is acceptable.
The stability test was performed with sample solutions placed under 48C and these were analyzed at 0, 24 and 48 h. The RSD values of the peak area and retention times were no more than 6.1 and 3.0%, respectively. The solution was therefore considered to be stable for at least 48 h at 48C. 
Discussion
Chinese herbal formulae are great complex mixtures; usually containing hundreds of compounds ranging in concentration from mg/g to ng/g. It is necessary for us to set up a method and a standard of quality for Chinese material medica. In the study, the developed assay was subsequently applied to the simultaneous determination of the seven major compounds in FM. A representative chromatogram of the extracts is shown in Figure 2B and the quantity of each compound identified is summarized in Table III . These data indicated that the method seems to be a promising tool for the quantitative analysis of seven compounds in FM.
Conclusions
A sensitive, rapid and reliable UPLC method for simultaneous determination of naringin, hesperidin, neohesperidin, narirutin, meranzin hydrate, honokiol and magnolol in FM was successfully established for the first time. The results of our study showed that this method could be suitable for quality control of this formula with bioactive multicomponents.
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